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BACKGROUND: lliofemoral venous obstruction is recognized with increasing frequency as the underlying cause of lower
extremity symptoms including edema, pain, skin changes, and, in advanced cases, ulceration. This study sought to evaluate
the safety and effectiveness of the Abre venous self-expanding stent system for the treatment of symptomatic iliofemoral
venous outflow obstruction.

METHODS: The ABRE Study (A Multi-Center, Non-Randomized Study to Evaluate the Safety and Effectiveness of the Abre
Venous Self-Expanding Stent System in Patients With Symptomatic lliofemoral Venous Outflow Obstruction) is a single-
arm, multicenter, prospective study that included 200 subjects from 24 global sites. The primary end points were 12-month
primary patency and major adverse events within 30 days. Secondary end points included lesion and procedure success,
primary-assisted and secondary patency, major adverse events, stent migration, stent fracture, and quality of life changes.
End point-related adverse events and imaging studies were adjudicated by independent clinical events committee and core
laboratories, respectively.

RESULTS: Venous obstruction cause was classified as acute deep vein thrombosis (16.5%, 33/200), post-thrombotic syndrome
(475%, 95/200), or nonthrombotic iliac vein lesion (36.0%, 72/200). The common iliac and external iliac veins were stented
in 96.0% (192/200), 80.5% (161/200) of subjects, respectively. Stent implant into the common femoral vein was required
in 44.0% (88/200). Primary patency at 12 months was 88.0% (162/184). Four (2.0%) major adverse events occurred
within 30 days. Twelve-month primary-assisted and secondary patency were 91.8% (169/184) and 92.9% (171/184),
respectively. No stent fractures or migrations were reported. Mean target limb Villalta score decreased from 11.2+5.6 at
baseline to 4.1+4.8 at 12 months, and the mean target limb revised Venous Clinical Severity Score decreased from 8.814.7
at baseline to 4.3+3.6 at 12 months. Clinically meaningful improvements in quality of life and venous functional assessment
scores from baseline were demonstrated through 12 months in all measures.

CONCLUSIONS: Symptomatic iliofemoral venous obstruction can be successfully treated with an Abre venous stent. Study
outcomes demonstrated a high patency rate with a good safety profile. Patients demonstrated a significant reduction in
clinical symptoms and improvement in quality of life that was maintained through 12-month follow-up.
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WHAT IS KNOWN

¢ lliofemoral venous stenting is a viable and increas-
ingly common treatment for symptomatic iliofemoral
venous outflow obstruction.

* The venous anatomy requires stent attributes that
differ from the arterial system which has led to the
development of venous specific stents.

* There is a paucity of overall data regarding the out-
come of the new generation of stents both in respect
of technical performance and patient outcomes.

WHAT THE STUDY ADDS

* The ABRE Study (A Multi-Center, Non-Randomized
Study to Evaluate the Safety and Effectiveness of
the Abre Venous Self-Expanding Stent System in
Patients With Symptomatic lliofemoral Venous
Outflow Obstruction) is a prospective, multicenter,
single-arm study of the Abre venous self-expanding
stent system for the treatment of symptomatic ilio-
femoral outflow obstruction.

* The 12-month safety and effectiveness performance
goals were exceeded, and the study demonstrated
meaningful clinical and quality of life improvements
after venous stenting with no stent fractures occur-
ring despite a high proportion of stents crossing the
inguinal ligament.

Nonstandard Abbreviations and Acronyms

aDVT acute DVT

AE adverse event

CEAP Clinical Etiologic Anatomic
Pathophysiologic

CFV common femoral vein

DUS duplex ultrasound

DVT deep vein thrombosis

IVUS intravascular ultrasound

MAE major adverse event

NIVL nonthrombotic iliac vein lesion

PTS post-thrombotic syndrome

QoL quality of life

rVvCSS revised Venous Clinical Sever-
ity Score

TLR target lesion revascularization

VEINES-QoL/Sym Venous Insufficiency Epidemi-
ological and Economic Study
Quality of Life/Symptoms

VTE venous thromboembolism

with significant associated morbidity."? Endovascular
intervention has become more widespread as data
for the safety and efficacy of stenting has been estab-
lished®® Stenting can reduce symptoms of venous

Iliofemoral venous obstruction is a common problem
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hypertension and improve quality of life (QoL) in patients
with  nonthrombotic venous compression and post-
thrombotic obstruction.” In the setting of acute iliofemo-
ral deep vein thrombosis (DVT), stenting may be utilized
to treat underlying residual obstruction after successful
early thrombus removal with the goals of accomplishing
a rapid reduction in symptoms and to potentially reduce
the incidence of recurrent DVT and post-thrombotic syn-
drome (PTS).6-8

Engineering challenges exist for venous stent design
that are different from their arterial counterparts. Strength
attributes of the ideal venous stent must include com-
pression resistance and radial recoil resistance, which
are beyond the standard radial outward forces required
in arterial products. Venous stents must also be larger in
diameter and be available in longer lengths. The stents
must transverse the curvature of pelvic veins without
kinking or distorting their course and often need to cross
the inguinal ligament. These anatomic challenges man-
date that venous stents be flexible and tolerate both
deformations and repetitive loading, respectively.®"’
Patients are often younger than those with arterial dis-
ease, so durability is paramount. Delivery must be precise
and accurate to allow stenting to the level of the conflu-
ences, cranially and caudally, as stents that do not extend
from a diseased inflow vessel to a widely patent outflow
vessel is a potential reason for stent failure.

The Abre (Medtronic, Inc, Minneapolis) venous self-
expanding stent, made of high-purity nitinol, has a novel
design intentionally tailored to perform in the iliofemoral
veins.'? The primary objective of this study was to evalu-
ate the safety and effectiveness of the Abre venous stent
for the treatment of patients with symptomatic iliofemoral
venous outflow obstruction.

METHODS

Study Design

The ABRE Study (A Multi-Center, Non-Randomized Study to
Evaluate the Safety and Effectiveness of the Abre Venous
Self-Expanding Stent System in Patients With Symptomatic
lliofemoral Venous Outflow Obstruction) is a prospective, multi-
center, single-arm, international study of the Abre venous stent
for use in patients with symptomatic iliofemoral venous outflow
obstruction. The study was conducted under an investigational
device exemption from the FDA. Research procedures followed
during this clinical study were prospectively registered. The uni-
form study protocol was approved by institutional review boards
or by ethical committees of the respective participating centers.
Study participants provided written informed consent before
entering the study. An independent Clinical Events Committee
reviewed and adjudicated end point-related adverse events
(AEs), and independent core laboratories assessed duplex
ultrasound (DUS), x-ray, intravascular ultrasound (IVUS), and
venography. The data, analytic methods, and study materials
may be available to other researchers on request from the
Sponsor.
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Stent Design
The Abre venous stent is indicated for use in iliofemoral veins.
It consists of the stent and accompanying delivery system. The
stent component is an open cell nitinol (nickel-titanium alloy)
self-expanding design. It has 3 off-set connection points that
spiral down the stent intentionally to maximize flexibility while
minimizing any stent kinking or instability during deployment.
The length and thickness of the stent struts vary according to
stent diameter to create uniform stent strength across vary-
ing stent diameters.'® The openings of the strut radii are varied
selectively (determined by a patented method) to improve stent
durability and minimize stent fractures (Figure 1).'° The stent is
currently available in lengths from 40 to 1560 mm (40, 60, 80,
100, 120, 150 mm) and in diameters ranging from 10 to 20
mm (10, 12, 14, 16, 18, 20 mm).

The accompanying delivery system utilizes a 9 Fr introducer
sheath and is an over-the-wire system compatible with an
0.035-inch guidewire.

Study Enrollment

Enrollment occurred across 24 international study centers
between December 2017 and November 2018. In total, 200
subjects were enrolled and were implanted with Abre venous
stent, including 128 subjects from 16 sites in the United States
and 72 subjects from the 8 sites in Europe.

Eligible patients included men and women between 18
and 80 years of age who presented with symptomatic lower
extremity venous hypertension secondary to iliofemoral
venous obstruction. Included patients were required to have
one or more of the following: (1) Clinical Etiologic Anatomic
Pathophysiologic (CEAP) score of >3; (2) moderate leg pain
with revised Venous Clinical Severity Score (r'VCSS) pain score
of >2; or (3) suspected DVT. All patients were required to have
a nonmalignant venous obstruction within the common iliac,
external iliac, and/or common femoral vein (CFV) believed to

be the cause of the presenting symptoms. Venous obstruction
was defined as the presence of one or more of the follow-
ing: (1) a reduction in diameter by >50% on venography or
IVUS, (2) an area reduction by >50% with IVUS, or (3) venous
occlusion. A venous occlusion was defined as the complete
occlusion of one or more segments of the common iliofemo-
ral vein, external iliac vein, or CFV. The implanting physician
reported the cause for each subject's venous obstruction as
(1) nonthrombotic iliac vein lesion (NIVL), (2) PTS, or (3) acute
DVT (aDVT). In the setting of aDVT, stenting was indicated for
residual iliac vein obstruction after successful thrombectomy,
thrombolysis, or both (detailed definitions are provided in Table
S1). Interventions for aDVT and stent implantation had to have
been completed within 14 days from symptom onset.

Patients were excluded if they had symptomatic periph-
eral arterial disease, prior venous stents in the ipsilateral vas-
culature, bilateral iliofemoral or inferior vena cava lesions, or a
contraindication to anticoagulation. For more detailed informa-
tion on the eligibility criteria, please refer to the summary of
safety and effectiveness data at URL: https://clinicaltrials.gov/,
unique identifier: NCT03038438.

Intervention and Follow-Up

Ipsilateral femoral access was encouraged when feasible. To
permit assessment of the entire CFV to the level of the pro-
funda/femoral confluence, access from the ipsilateral CFV
or greater saphenous vein was discouraged. Venography and
IVUS were used to determine the extent of disease and were
also utilized for procedural guidance. The study protocol recom-
mended that subjects be anticoagulated during the index pro-
cedure (Table 1). The following recommendations were given
for stent sizing and placement: oversize the stent by at least 2
mm more than the chosen reference vessel diameter to achieve
good wall apposition; place the stent at least 1 cm cranial and 1
cm caudal to the target lesion(s); and when overlapping stents,

L1

Figure 1. Abre venous stent design.

The width and thickness of the struts on the Abre venous stent were altered for each stent diameter to achieve strength uniformity of all stent
sizes, and the strut radii were opened selectively to achieve maximal fracture resistance. The stent has connection points that spiral down the
stent (A, green circles). The stent cells are connected at 3 points around the circumference for maximum flexibility and kink resistance (A, blue
squares). The Abre venous stent is easily seen under fluoroscopy (B, C) with 3 radiopaque markers on the cranial and caudal stent ends (see
arrows on A, B, and C).
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Table 1. Study Anticoagulation Regimen Recommendations

Antithrombotics

Preprocedure Periprocedure Postprocedure

Stop anticoagulation regimen

before index procedure (ensure procedure.

Institute full anticoagulation before beginning the index

Commence full anticoagulation within 4 h of completion of the
index procedure.

appropriate transition regimen)

Maintain anticoagulation during index procedure.

When using warfarin, an INR>2.0 with appropriate bridging
cover is recommended. DOAC (dabigatran, rivaroxaban, apixa-
ban, or edoxaban) can be used instead of warfarin.

Suggested duration

Suggested regimen for chronic subjects

For chronic subjects: anticoagulate for at least 12 mo

sheath in the access vessel;

A heparin bolus of 5000 units, after placement of the

For nonthrombotic subjects: anticoagulate for at least 6 mo

anticoagulation.

Followed by a bolus of 5000 units or infusion of 100
U/kg to keep ACT>200 seconds for full systemic

Antiplatelets

Dual antiplatelet therapy, in addition to anticoagulation, should be carefully considered to minimize bleeding risks. If used, dual antiplatelet therapy should be

limited to the first 6 weeks following the index procedure.

After discontinuation of anticoagulation therapy, consider switching subjects to antiplatelet therapy (if not currently ongoing)

Subjects with acute deep vein thrombosis and post-thrombotic syndrome recruited at the France site received oral anticoagulant along with clopidogrel at least for 6
mo postprocedure as per local guidelines. Whereas, subjects with nonthrombotic iliac vein lesion received low molecular weight heparin along with clopidogrel for 3 wk
after the procedure. ACT indicates activated clotting time; DOAC, direct oral anticoagulants; and INR, international normalized ratio.

overlap at least 1.5 cm without skip areas between stents. It
was recommended that lesions were predilated and stents
post-dilated to stent size with the recommendation to utilize
a high-pressure balloon. Completion imaging was obtained. In
cases of occlusion where normal reference segment is difficult
to obtain, the [IVUS/venogram core laboratory used the follow-
ing reference vessel diameters: common iliofemoral vein: 16
mm, external iliac vein: 14 mm, and CFV: 12 mm.

Postprocedure anticoagulation recommendations are pro-
vided in Table 1; however, anticoagulation decisions were ulti-
mately at the discretion of the investigators.

Postprocedure follow-up assessments were completed at 30
days, 6, and 12 months. Assessments included an interim history
with medication review, an assessment for AEs, physical examina-
tion, and DUS. QoL questionnaires and venous functional assess-
ments were completed during the 6- and 12-month follow-up
visits. At the 30-day follow-up, the first 30 subjects underwent
a multi-planar pelvic x-ray to evaluate for stent fractures. Multi-
planar pelvic x-rays were collected for all subjects at 12-, 24-, and
36-month study visits. A venogram was required at the 12-month
visit if the DUS imaging indicated a greater than or equal to 50%
stent obstruction, if DUS imaging was nondiagnostic, or if dic-
tated by clinical symptoms. Further follow-up visits collecting the
same data points were scheduled at 24 and 36 months.

Outcomes

Primary End Points

The primary effectiveness and safety end points were compared
with performance goals derived from the literature.'**® The pri-
mary effectiveness end point was primary patency at 12-month,
defined as freedom from occlusion, freedom from restenosis
>b0% of the stented segment, and freedom from clinically driven
target lesion revascularization (TLR) measured at 12 months
postindex procedure. Primary patency was a subject-level assess-
ment that used worst-case scenario where the assessment was
conducted within the entire stented segment regardless of
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whether it was stented with a single stent or multiple stents. If
a failure was identified, the subject was counted as a loss of pri-
mary patency. Clinically driven was defined as the recurrence of
symptoms present at baseline or the onset of new symptoms,
including but not limited to ipsilateral venous pain, swelling, sta-
sis dermatitis, or ulceration. Subjects with nonclinically driven
TLR were censored for primary patency end point reporting to
eliminate bias caused by nonstudy device usage after the index
procedure of subjects being intervened on for a stenosis percent-
age on ultrasound that did not correlate with subject symptoms.
In the venous system, there has yet to be an identified percent-
age of stenosis that is considered to put the stent at risk; thus
in the absence of data, we did not consider a re-intervention for
asymptomatic stenosis as a reliable indication of stent failure.
Nonetheless, to evaluate the impact of missing or unknown out-
comes data on the primary effectiveness end point result, sensi-
tivity analyses were performed by multiple imputation and tipping
point analysis. In tipping point analysis, the worst-case scenario
assumed all missing subjects failed the end point and best-case
scenario assumed all missing subjects were patent. The lower
limit of the 97.5% one-sided Cl of the 12-month primary patency
exceeded the literature-derived performance goal of 75.0% indi-
cating the primary effectiveness objective was met. The primary
safety end point was the rate of major AEs (MAEs) within 30
days of the index procedure. MAEs were defined as a composite
of all-cause death, clinically significant pulmonary embolism, pro-
cedure-related major bleeding complications, and stent thrombo-
sis or stent migration as confirmed by imaging within 30 days of
the index procedure (Table S1). The primary safety objective was
met with the upper limit of the 97.5% one-sided Cl of the 30-day
MAEs rate lower than the performance goal of 12.5%.

Secondary End Points

The secondary clinical end points were assessed at various
time points. The detailed definitions of the important outcomes
of this study are provided in Table S1. Acute success end
points included device success and lesion success (assessed
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at the time of procedure); and procedure success (assessed
within 30 days). Primary-assisted and secondary patency was
assessed at 12 months.

Additional secondary end points evaluated at 12 months
included TLR (including clinically driven and nonclinically driven),
major bleeding complications, MAEs, stent migration, and stent
fracture. These end points were Clinical Events Committee
adjudicated or imaging core laboratory-confirmed. Quality of life
and venous functional assessments were assessed using vali-
dated scoring systems.2°-% Quallity of life was evaluated using
EuroQolL Five Dimensions and VEINES-QolL/Sym (Venous
Insufficiency Epidemiological and Economic Study Quality of
Life/Symptoms. Clinical outcomes were measured before and
after treatment using the rVCSS and the Villalta Scores mea-
sured from the target limb.

Statistical Analysis

The planned sample size of 200 subjects provided an overall
power of at least 84.0% for the hypothesis testing of primary
safety and primary effectiveness end points against the perfor-
mance goal respectively. The performance goal of 75.0% was
set for 12 months primary patency, and 12.5% was used for pri-
mary safety end point of MAE within 30 days. Primary patency is
a subject-level assessment that uses worst-case scenario where
the assessment is conducted within the entire stented segment
regardless of whether it was stented with a single stent or mul-
tiple stents. If a failure is identified, the subject would be counted
as loss of primary patency. Exact binomial test was used with a

Abre Venous Self-Expanding Stent

1-sided type | error of 2.6%. All analyses were based on sub-
jects with evaluable data. For baseline characteristics, continu-
ous variables were described as mean®SD or median with the
range (min, max) if not normally distributed; dichotomous and
categorical variables were described as counts and proportions.
For event rates expressed as proportions, the number of subjects
with events within 360 days was the numerator and the total
number of subjects with events or at least 330 days of clinical
follow-up was the denominator. Statistical analyses were per-
formed using SAS (SAS Institute, Cary, NC) version 9.4 or higher.

RESULTS

Enrollment and Compliance

From December 2017 to November 2018, 260 subjects
were screened for eligibility at 24 global sites. Of these, 59
subjects were excluded from study participation, and one
subject withdrew consent before the index procedure. The
most common reasons for study exclusion were minimal
iliac vein disease (less than 50% stenosis of the involved
segments, n=20) and extension of disease outside of the
targeted iliofemoral segment with the involvement of the
inferior vena cava, inflow vessels, or contralateral iliofemo-
ral veins (n=19). Inability to cross occluded iliac segments
(n=b) and medical comorbidities that would interfere
with study compliance (n=b) were also cited as reasons

Patients screened for inclusion
N=260

Total study subjects included
N=200

, 39 patients excluded as screen failures
1 patient withdrew consent

Eligible for 30-day follow-up:200

30-day follow-up completed
N=198

Within window: 177; Out of window: 21
Follow-up visit not done: 2

Eligible for 6-month follow-up:199

6-month follow-up completed
N=193

> Within window: 169; Out of window: 24
Follow-up visit not done: 6; Study exit: 1

Eligible for 12-month follow-up: 196

12-month follow-up completed
N=191

> Within window: 176; Out of window: 15
Follow-up visit not done: 5; Study exit: 4

Figure 2. Subject compliance flowchart.

The ABRE Study (A Multi-Center, Non-Randomized Study to Evaluate the Safety and Effectiveness of the Abre Venous Self-Expanding Stent
System in Patients With Symptomatic lliofemoral Venous Outflow Obstruction) included 200 subjects with 191 (95.5%) subjects completing

the 12-mo follow-up.
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for exclusion. Ultimately 200 subjects were included in
the study. Overall, 191 (95.5%) subjects completed the
12-month follow-up visit, while one subject was lost-to fol-
low-up, one subject exited due to incarceration, 2 subjects
died (see Secondary End point section), and 5 subjects
missed the 12-month follow-up visit (Figure 2).

Demographic and Clinical Characteristics

Two-thirds (133/200) of the subjects were female, with
a mean subject age of 51.5+15.9 years. The most com-
mon pertinent medical history was a personal history of
venous thromboembolism (562.0%, 104/200, with 96.2%,
100/104 in target limb). Documented prior venous throm-
boembolism was specifically noted in 87.4% (83/95) of
PTS subjects and 33.3% (11/33) of subjects presenting
with aDVT. A family history of DVT was noted in 22.0%
(44/200) of subjects or a known diagnosis of thrombo-
philia in 11.5% (23/200) of subjects (Table 2). The target

Abre Venous Self-Expanding Stent

limb was primarily the left leg (92.0%, 184/200). Sub-
jects were categorized as PTS (47.5%, 95/200), NIVL
(86.0%, 72/200), or aDVT (16.5%, 33/200).

Sixty-one percent (102/166) of NIVL and PTS target
limbs presented with predominantly edema (CEAP score
C3). Thirty-three percent (65/167) of NIVL and PTS sub-
jects reported venous claudication. Additional presenting
signs of chronic venous disease included skin changes,
such as pigmentation/eczema and lipodermatosclerosis
(12.7%, 21/166 CEAP score C4a and 6.6%, 11/166
CEAP score C4b, respectively), as well as a healed or
active venous ulcer (15.7%, 26/166 CEAP score Cb/
C6). Baseline demographics and clinical characteristics
are listed in Table 2.

Procedural Characteristics

Procedure characteristics are reported in Table 3. The
common iliac vein was the most common site for stent

Table 2. Baseline Demographic and Clinical Characteristics
Primary cause subgroups
Total population abvt i NIVL
Demographics (N=200) (N=33) (N=95) (N=72)
Age,y 51.6+15.9 51.9+16.0 51.2+156.7 51.6+£16.2
Female 66.5 (133/200) 54.5 (18/33) 68.4 (65/95) 69.4 (50/72)
White 78.5 (157/200) 75.8 (25/33) 74.7 (71/95) 84.7 (61/72)
BMI, kg/m? 29.5+71 29.245.3 28.81£7.0 30.6+7.8
Previous history of venous thromboembolism 52.0 (104/200) 33.3 (11/33) 87.4 (83/95) 13.9 (10/72)
Target limb 96.2 (100/104) 72.7 (8/11) 100.0 (83/83) 90.0 (9/10)
Nontarget limb 11.5 (12/104) 36.4 (4/11) 6.0 (5/83) 30.0 (3/10)
Known family history of DVT 22.0 (44/200) 21.2 (7/33) 28.4 (27/95) 13.9 (10/72)
Pulmonary embolism 17.0 (34/200) 15.2 (5/33) 26.3 (25/95) 5.6 (4/72)
Thrombophilia 11.5 (23/200) 3.0 (1/33) 20.0 (19/95) 4.2 (3/72)
IVC filter present 5.0 (10/200) 9.1 (3/33) 6.3 (6/95) 1.4 (1/72)
Target limb CEAP classification*
C0-No visible or palpable signs of venous disease | 0.6 (1/166) n/a 0.0 (0/95) 1.4 (1/71)
C1-Telangiectasias or reticular veins 0.6 (1/166) n/a 0.0 (0/95) 1.4 (1/71)
C2—Varicose veins 2.4 (4/166) n/a 1.1 (1/95) 4.2 (3/71)
C3-Edema 61.4 (102/166) n/a 65.3 (62/95) 56.3 (40/71)
C4a—Pigmentation or eczema 12.7 (21/166) n/a 10.5 (10/95) 15.5 (11/71)
C4b-Lipodermatosclerosis or atrophie blanche 6.6 (11/166) n/a 6.3 (6/95) 7.0 (5/71)
C5-Healed venous ulcer 6.6 (11/166) n/a 7.4 (7/95) 5.6 (4/71)
C6—Active venous ulcer 9.0 (15/166) n/a 9.5 (9/95) 8.5 (6/71)
Venous claudication 30.0 (60/200) 15.2 (5/33) 29.5 (28/95) 37.5 (27/72)
Target limb rVCSS score 8.814.7 8.5%3.7 8.815.0 9.0+4.5
8(1,27) 8(2,18) 8(3,27) 8(1,23)
Target limb Villalta score 11.21£5.6 10.8%+4.9 11.1+6.1 11.5£5.4
11(1,32) 11 (3, 20) 10 (1, 31) 11(1,32)

Data are % (n/N), mean£SD, or median (min, max). aDVT indicates acute DVT; BMI, body mass index; CEAP, Clinical Etiologic Anatomic
Pathophysiologic; DVT, deep vein thrombosis; IVC, inferior vena cava; NIVL, nonthrombotic iliac vein lesion; PTS, post-thrombotic syndrome;

and rVCSS, revised Venous Clinical Severity Score.

*Post-thrombotic syndrome and nonthrombotic iliac vein lesion subjects only; CEAP assessment is not applicable for acute DVT subjects.
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Table 3. Procedural Characteristics

Abre Venous Self-Expanding Stent

Procedure characteristics

Total population
(N=200)

Primary cause subgroups

aDVT

PTS

NIVL

(N=33)

(N=95)

(N=72)

Target vein*t

Common iliac vein

93.5 (187/200)

100.0 (33/33)

94.7 (90/95)

88.9 (64/72)

External iliac vein

75.0 (150/200)

84.8 (28/33)

84.2 (80/95)

58.3 (42/72)

Common femoral vein

43.0 (86/200)

45.5 (15/33)

63.2 (60/95)

15.3 (11/72)

Access site
Femoral 49.0 (98/200) 24.2 (8/33) 55.8 (53/95) 51.4 (37/72)
Common femoral 23.5 (47/200) 12.1 (4/33) 18.9 (18/95) 34.7 (25/72)
Popliteal 20.0 (40/200) 57.6 (19/33) 13.7 (13/95) 11.1 (8/72)
Internal jugular 3.5 (7/200) 0.0 (0/33) 7.4 (7/95) 0.0 (0/72)
Superficial vein 2.5 (5/200) 6.1 (2/33) 1.1 (1/95) 2.8 (2/72)
Other 1.5 (3/200) 0.0 (0/33) 3.2 (3/95) 0.0 (0/72)
Procedure time, min 60 (15, 270) 71 (24, 189) 68 (15, 270) 51.5 (16, 105)
Fluoroscopy time, mins 12 (3, 88) 14 (3, 82) 15.5 (3, 88) 7 (3, 24)
% Area stenosis median¥ 79.6 (19, 97) 88.3 (45, 95) 84.7 (37, 97) 71.6 (19, 94)
% Diameter stenosis§ 59 (2, 100) 85.9 (22, 100) 70.8 (9, 100) 45.1 (2, 100)
Lesion length, mm§ 98.6 (17, 285) 120.9 (25, 268) 136.6 (17, 285) 63.9 (17, 215)
Total stented length, mm§ 121.5 (45, 283) 128.8 (58, 243) 164.3 (49, 283) 83.7 (45, 225)
Number of Abre stents implanted per subject§ 1(1,4) 1(1,3) 2(1,4) 1(1,3)
Stented vein location*t§
Common iliac vein 96.0 (192/200) 100 (33/33) 94.7 (90/95) 95.8 (69/72)

External iliac vein

80.5 (161/200)

81.8 (27/33)

91.6 (87/95)

65.3 (47/72)

Common femoral vein

44.0 (88/200)

45.5 (15/33)

65.3 (62/95)

16.3 (11/72)

Duration of hospital stay, d

1(0, 14)

4 (0, 14)

1(0,8)

0(0,9)

Data are % (n/N) or median (min, max). aDVT indicates acute deep vein thrombosis; DVT, deep vein thrombosis; IVUS, intravascular
ultrasound; NIVL, nonthrombotic iliac vein lesion; and PTS, post-thrombotic syndrome.

“Treated area/lesion could encompass more than one vein.

tSite data were used when venographic core laboratory data were not available.
#Intravascular ultrasound core laboratory data (included subjects assessed by IVUS, N=189).
§Venographic core laboratory data (included subjects assessed by venogram N=200).

implantation (96.0%, 192/200). Stents were implanted
in the external iliac vein in 80.56% (161/200) and the
CFV in almost half of the subjects (44%, 88/200). Most
of the PTS subjects required stent placement into the
CFV (PTS: 65.3%, 62/95; aDVT: 45.5%, 15/33; NIVL:
15.3%, 11/72) as two-thirds (63.2%, 60/95) of the PTS
group had long-segment disease involving >1 venous
segment. One-third of PTS subjects had chronic total
occlusions 35.8% (34/95).

Among the 302 Abre venous stents implanted, 46.0%
(139/3092) were 16 mmindiameter,and 36.4%(110/302)
were 14 mm in diameter. Less frequently, smaller diameter
(12 mm: 3.0%, 9/302) or larger diameter stents (18 and
20 mm: 14.6%, 44/302) were implanted. Predilation and
postdilation were performed in 97% (194/200) of sub-
jects. The median stented length was 121.5 mm, with a
maximum stented length of 283 mm. The median total
number of the stents implanted per subject was 1 (range,
110 4); 55.6% (111/200) of subjects received one stent;
38.5% (77/200) received 2 stents, and 6.0% (12/200)
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received 3 or more stents. The postprocedure residual
diameter stenosis was 14.2%t8.2% by venography and
11.7%=8.1% by IVUS. The median procedure time was
60 (range, 15 to 270) minutes, and the median duration of
hospital stay was 1 (range, O to 14) day (Table 3).

Primary End Points

Primary Effectiveness at 12 Months

Overall, 184 out of 200 (92.0%) subjects were evalu-
able for the primary effectiveness end point; 17 sub-
jects had imaging component of the primary patency
determined by venogram, the remaining 167 sub-
jects were analyzed with DUS. Sixteen subjects were
excluded from the primary patency analysis. The rea-
sons included: death in 2 subjects, 1 subject was lost-to
follow-up, 5 subjects missed the 12-month follow-up
visit, and censoring of data for 8 nonclinically driven
TLR, as determined by the Clinical Events Committee. A
total of 162 subjects, or 88.0%, among 184 assessable
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subjects achieved primary patency. The lower limit of
the 975% one-sided Cl was 82.5%, higher than the
performance goal of 75%, signifying that the 12-month
primary effectiveness end point (88%; A<0.0001) was
met (Table 4). Twenty-two subjects (22/184, 12.0%)
failed one or more components of the primary patency
end point. Of these 22 subjects, 14 had a clinically
driven TLR through 390 days, among them, 1 had
total occlusion. An additional 8 subjects had restenosis
(=50%) based on their 12-month imaging by core labo-
ratory assessment. Sensitivity analyses were performed
to assess the impact of the missing data on the pri-
mary patency end point. In the tipping point sensitivity
analysis, the primary patency end point was met when
up to 15 missing data points were counted as loss of
primary patency; it did not meet only under the worst-
case scenario when all 16 missing were counted as
loss of primary patency. Multiple imputation sensitivity
analysis yield result consistent with the primary analy-
sis. Subgroup analyses demonstrated primary patency
of 87.1% (27/31) in the aDVT group 79.8% (67/84) in
the PTS group, and 98.6% (68/69) in the NIVL group.
Primary patency based on Kaplan-Meier estimates is
shown in Figure 3. The overall primary patency rate of
stents extending into the CFV in evaluable subjects
was 78.0% (64/82; Table 4). There was no decline in
patency noted with stent extension below the groin in
subjects with nonthrombotic disease or aDVT, which
were 100% (11/11) and 85.7% (12/14), respectively.
In the PTS group, there was a decrease in patency
when stents were taken into the CFV (71.9%, 41/57)
compared with those that were not (96.3%, 26/27).

Table 4. Primary Effectiveness and Safety End Points

Abre Venous Self-Expanding Stent

Safety Outcomes

All 200 subjects were evaluable for the MAE primary
safety end point within 30 days. A total of 4 (2.0%)
subjects experienced MAEs within 30 days: 1 sub-
ject presented with symptomatic pulmonary embolism
(although not an occlusion, stent thrombosis was pres-
ent) on postprocedure day 25, and 3 subjects presented
with stent thrombosis on postprocedure days 1, b, and
21, respectively. All 4 of these subjects with MAEs were
from the PTS group. There were no reported all-cause
deaths, major bleeding, or stent migrations within 30
days. The upper bound of the one-sided 97.5% CI was
5.0%, which was less than the 12.5% performance goal,
signifying that the primary safety end point was met
(P<0.0001; Table 4). Within 12 months, investigative
sites reported in total 36 device- or procedure-related
SAEs in 26 out of 200 (13.0%) subjects. Three sub-
jects experienced bleeding complications within the first
30 days: 2 subjects with vascular access site hema-
toma and one with retroperitoneal hematoma. One sub-
ject (0.6%) had postoperative groin pain and 2 (1.0%)
reported postoperative back pain (nonserious) within 30
days postindex procedure.

Secondary End Points

Acute and Late Success Results

Device success and lesion success were 100%
(302/302 and 200/200, respectively), whereas pro-
cedure success was 99% (198/200); 2 subjects
experienced MAEs before discharge. Of 184 sub-
jects evaluable for the primary-assisted and secondary

Primary cause subgroups
Total population abvT PTS NIVE
Outcomes (N=200) (N=33) (N=95) (N=72)
Primary patency at 12 mo* 88.0 (162/184) 87.1 (27/31) 79.8 (67/84) 98.6 (68/69)
Freedom from occlusion of the stented segment of the target lesiont | 99.5 (183/184) 100 (31/31) 08.8 (83/84) 100 (69/69)
Freedom from restenosis (>50%) of the stented segmentt 92.9 (171/184) 87.1 (27/31) 89.3 (75/84) 100 (69/69)
Freedom from clinically driven TLR through 390 d# 92.4 (170/184) 100 (31/31) 84.5 (71/84) 98.6 (68/69)
Primary patency extending into the CFV*t+§ 78.0 (64/82) 85.7 (12/14) 71.9 (41/57) 100 (11/11)
Primary safety at 30 d
MAE within 30 d 2.0 (4/200) 0 (0/33) 4.2 (4/95) 0 (0/72)
All-cause death occurring postprocedures 0 (0/200) 0 (0/33) 0 (0/95) 0 (0/72)
Clinically significant pulmonary embolism# 0.5 (1/200) 0 (0/33) 1.1 (1/95) 0 (0/72)
Major bleeding complication (procedural)# 0 (0/200) 0 (0/33) 0 (0/95) 0 (0/72)
Stent thrombosis confirmed by imaging* 1.5 (3/200) 0 (0/33) 3.2 (3/95) 0 (0/72)
Stent migration confirmed by imaging* 0 (0/200) 0 (0/33) 0 (0/95) 0 (0/72)

Data are % (n/N). aDVT indicates acute deep vein thrombosis; CFV, common femoral vein; MAE, major adverse events; NIVL, nonthrombotic iliac vein lesion; PTS,

post-thrombotic syndrome; and TLR, target lesion revascularization.
*Per core laboratory analysis.

tFreedom from occlusion and freedom from restenosis rates were evaluated by imaging at 12 mo, with or without clinically driven TLR before the assessment.

#Clinical events committee adjudicated.

§There are 88 CFV subjects in total, 15 aDVT, 62 PTS, and 11 NIVL. Only 82 of those 88 were assessed.
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patency end points, 169 (91.8%) subjects achieved
primary assisted patency, and 171 (92.9%) achieved
secondary patency. Kaplan-Meier estimates for pri-
mary patency, primary assisted patency, and second-
ary patency are shown in Figure 3A. Primary patency
Kaplan-Meier curves across subgroups are shown in
Figure 3B. MAEs were evaluated in 197 out of 200
(98.5%) subjects at 12 months (3 subjects had no
MAE and had less than 330 days of follow-up). Twelve
(127197, 6.1%) subjects experienced MAEs—1 (0.5%)
clinically significant pulmonary embolism, 1 (0.5%)
delayed major bleeding event (31 days postprocedure),
8 (4.1%) stent thrombosis, and 2 (1%) all-cause death
(Table b). Both deaths were Clinical Events Committee
adjudicated as unrelated to the device or procedure.
One subject died 8 months after iliac stent placement
secondary to new and acute onset congestive heart

Circ Cardiovasc Interv. 2022;15:e010960. DOI: 10.1161/CIRCINTERVENTIONS.121.010960

failure with resultant cardiogenic shock and multiorgan
failure in the absence of thrombotic events. The sec-
ond subject developed acute cholecystitis and pneu-
monia 65 days after stenting. This subject's course
was then complicated by septic shock progressing
to multiorgan failure resulting in death. Upon review-
ing the 8 stent occlusions that occurred through 12
months, at least 7 had significant inflow disease below
the stented venous segments that likely contributed
to stent occlusion directly. All 7 of these subjects had
post-thrombotic disease as the indication for stenting.
The remaining subject was the only stent occlusion
from the NIVL group. The subject’s stent occlusion was
accompanied by multiple confounding factors including
remaining inflow disease, medication noncompliance,
and air travel. No stent fractures and no stent migra-
tions were reported through 12-month follow-up.
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Table 5. Secondary End Points

Abre Venous Self-Expanding Stent

Primary cause subgroups

. aDVT PTS NIVL
Total population
(N=200) (N=33) (N=95) (N=72)
Acute success
Device success 100 (302/302) 100 (49/49) 100 (168/168) 100 (85/85)

Lesion success

100 (200/200)

100 (33/33)

100 (95/95)

100 (72/72)

Procedure success

99 (198/200)

100 (33/33)

97.9 (93/95)

100 (72/72)

Late success secondary end points at 12 mo

Primary assisted patency*t 91.8 (169/184) | 87.1 (27/31) 88.1 (74/84) 98.6 (68/69)
Secondary patency*t 92.9 (171/184) 87.1 (27/31) 89.3 (75/84) 100 (69/69)
Target lesion revascularization$t 11.2 (22/196) 6.3 (2/32) 20.4 (19/93) 1.4 (1/71)
MAEs at 12 mo 6.1 (12/197) 0 (0/32) 11.7 (11/94) 1.4 (1/71)
All-cause death occurring postproceduret§ 1.0 (2/197) 0 (0/32) 2.1 (2/94) 0 (0/71)
Clinically significant pulmonary embolismt 0.5 (1/195) 0 (0/32) 1.1 (1/92) 0 (0/71)
Major bleeding complication (postprocedural)t | 0.5 (1/195) 0 (0/32) 1.1 (1/92) 0 (0/71)
Stent thrombosis confirmed by imaging* 4.1 (8/195) 0 (0/32) 7.6 (7/92) 1.4 (1/71)
Stent migration confirmed by imaging* 0.0 (0/195) 0 (0/32) 0 (0/92) 0 (0/71)
Stent fracture at 12 mo*|| 0.0 (0/180) 0 (0/30) 0 (0/85) 0 (0/65)

Data are % (n/N). aDVT indicates acute deep vein thrombosis; CEC, Clinical Events Committee; MAE, major adverse event; NIVL,

nonthrombotic iliac vein lesion; and PTS, post-thrombotic syndrome.

“Per core laboratory analysis.

#Includes both clinically driven and nonclinically driven target lesion revascularizations.

tClinical events committee adjudicated.

§Both deaths were CEC adjudicated as unrelated to the device or procedure.
|IDetermined by X-ray for the first 30 subjects at 30 d and all subjects (including the first 30 subjects) at 12-, 24-, and 36 mo.

Quality of Life and Functional Assessments
Sustained and clinically meaningful improvement in QoL
and venous functional assessment scores were demon-
strated by the VEINES-QolL/Sym, EuroQoL Five Dimen-
sions (Index and VAS), Villalta, and rVCSS scores at
12 months compared with baseline (Figure 4). Specifi-
cally, the mean target limb Villalta score decreased from
11.21b.6 at baseline to 4.1£4.8 at 12 months and the
mean target limb rVCSS score decreased from 8.8+4.7
at baseline to 4.3+3.6 at 12 months. The number of
subjects with active venous leg ulcers on the target limb
decreased from 15 at baseline to 4 at 12 months.

DISCUSSION

In this study, all prespecified performance goals, includ-
ing both the primary effectiveness and primary safety
performance goals, were met. The results indicate a near
90% primary patency rate with similar rates of primary-
assisted and secondary-assisted patency rates, as well
as only 2% MAEs reported within 30 days.

Importantly, successful endovenous stenting in this
study translated into meaningful QoL improvements in
EuroQoL Five Dimensions and VEINES-QoL scores
observed from baseline and maintained through 12
months.

Overall, performance outcomes including patency
rates, safety outcomes, and QoL improvement observed
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in this study are comparable to the results of other pre-
viously published investigational device exemption and
cohort studies for other nitinol stents used in treating ilio-
femoral obstruction through a 12-month follow-up.36-%
The consistency of results across studies will add validity
to the importance of interventional treatment for patients
with symptomatic iliofemoral obstructive venous disease.
Unique to this study design was that all patient disease
states causing iliofemoral venous obstruction, including
nonthrombotic, aDVT, and post-thrombotic disease, were
represented. Subjects with post-thrombotic disease, the
largest included cohort (47.5%, 95/200) in this study,
are understood to have the most complex disease.® The
lowest stent patency rates in the literature are seen in
patients with advanced post-thrombotic obstruction,
including those with long-segment disease, coincident
inflow disease, and completely occluded iliac segments.®
Also unique to this study is the higher percentage of sub-
jects with advanced, extensive PTS, demonstrated by the
presence of total iliofemoral occlusions in 35.8% (34/95)
of the PTS group. Similarly, long-segment disease was
present in 65.3% (62/95) of the PTS group as evidenced
by stenting in the CFV. The aDVT group was additionally
complex as one-third of this group had prior DVT in the
affected limb, most occurring in the iliofemoral segment.
Overall, the primary patency of the Abre venous stent
in the PTS group was 79.8% (67/84), which was expec-
tantly lower than the patency rates observed in the
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Figure 4. Summary of quality of life and functional assessments.
Quality of life and functional assessments were taken at baseline (0 d), 6 mo, and 12 mo. Sustained and clinically meaningful improvement
were demonstrated for all measures at 12 mo compared with baseline, despite a high proportion of stents crossing the inguinal ligament.
A, Venous Insufficiency Epidemiological and Economics Study Quality of Life (VEINES-Qol). B, VEINES-Symptoms. C, Villalta score. D,
Revised Venous Clinical Severity Score (VCSS). E, EuroQoL Five Dimensions (EQ-56D). aDVT indicates acute deep vein thrombosis; NIVL,
nonthrombotic iliac vein lesion; and PTS, post-thrombotic syndrome.
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nonthrombotic and aDVT groups, which were 98.6%
(68/69) and 87.1% (27/31), respectively. Nevertheless,
the value of treating patients in the post-thrombotic
group remains and is underscored by clinically mean-
ingful QoL improvements in that group. When isolating
the PTS group, there was a 56% reduction in the Vil-
lalta score observed from baseline to 12 months. In fact,
after interventional treatment, over half of the subjects
(54/91, 59.3%) were no longer classified as having
PTS when PTS is defined by a Villalta score >b.

With the complexity of subjects included in this study
came a high number of subjects requiring long-segment
stenting spanning across the inguinal ligament. In this
study, just under half of the subjects had stents crossing
the inguinal ligament and extending into the CFV (44%,
88/200). The ABRE Study had the highest number of
stents extending into the CFV compared with recent
venous stent studies to date.3%4%4" The most closely
comparable study was the VIRTUS study (VIRTUS Safety
and Efficacy of the Veniti Vici Venous Stent System [Ven-
iti, Inc] When Used to Treat Clinically Significant Chronic
Non-Malignant Obstruction of the lliofemoral Venous
Segment) which reported that 45.7% of chronic post-
thrombotic subjects (568/127) and 35.9% (61/170) of all
subjects overall in their study required stent extension into
the CFV.® Extension of nonbraided stents into the CFV
has previously raised concerns regarding stent durability
because arterial stents crossing joints have been prone to
both neointimal hyperplasia as well as stent fracture, both
potentially resulting in premature stent failure.*? In the
VIRTUS study, there was a small incidence of stent frac-
tures (3.6% of all implanted stents), with most fractures
occurring in the CFV of PTS subjects and none display-
ing clinical consequences through 1 year® In our study,
despite the high number of stents extending into the CFV,
there were no stent fractures or mechanical stent issues
in any of the implanted stents (n=302) up to 1 year.

Although there were no stent fractures in the ABRE
Study, a decrease in patency was observed when stents
were extended across the inguinal ligament into the
CFV. With further investigation, this was only observed
in the post-thrombotic subgroup. Stent patency was not
affected in subjects with nonthrombotic obstructions, nor
in aDVT subjects, despite similar stent extensions. This
suggests that it is not mechanical issues that arise from
merely crossing into the groin but possibly a reflection
of compromised and diseased inflow in extensive post-
thrombotic disease. In fact, upon review of the 8 stent
occlusions through 12 months in this study, all but one
(7/8) occurred in post-thrombotic subjects. All 7 of the
post-thrombotic subjects with stent occlusions appeared
to have significant remaining inflow disease remaining
after treatment which seemed to be the main reason for
stent thrombosis. Improvements in classifying and man-
aging complex inflow disease may improve outcomes
from stenting, particularly in the post-thrombotic group.
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The remaining stent occlusion, occurring in a NIVL sub-
ject, appeared multifactorial. Although this subject had
some remaining inflow disease, subject noncompliance
likely played a significant role, including a failure to take
anticoagulation medication as prescribed.

In summary, in this multicenter, prospective study we
found that the Abre venous stent was a successful treat-
ment option for iliofemoral outflow obstruction. Study out-
comes are broadly comparable to previously completed
venous stent studies with other devices demonstrating
the benefits of intervention for venous obstruction. Sub-
jects with post-thrombotic disease remain the most com-
plex subject subset.

This study is limited by its single-arm, nonrandom-
ized design. Study designs and subgroups widely dif-
fered among all available venous stent studies, mostly
limiting detailed comparative analyses between avail-
able venous stents.®*

CONCLUSIONS

Symptomatic iliofemoral venous obstruction can be suc-
cessfully treated with an Abre venous stent. Study outcomes
demonstrated a high patency rate with a good safety profile.
Patients exhibited a significant reduction in clinical symp-
toms and improvement in QoL that was maintained through
12-month follow-up. Further long-term follow-up trials and
prospective studies with a comparator arm are needed to
assess the durability of the stent and patient outcomes.
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